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GEOLOGY OF THE MIDWAY AREA, HAWAIIAN ISLANDS

DEEP DRILLING ON MIDWAY ATOLL

By Harry S. Lapp, Josaua L. TraCEY, JRr., and M. GRANT GROSS

ABSTRACT

Two deep drill holes through reef limestones and underlying
clays into basalts establish a geologic section for the Hawaiian
Islands that extends back through the Miocene. Chemical analy-
ses indicate that tholeiitic basalts were covered by flows of
alkalic basalts, and aa and pahoehoe structures indicate that
the volcanic mound was built above the sea. The exposed part
of the volcanic mound was partly truncated by wave action
in pre-Miocene time, after which subsidence began. As the
mound sank, weathered clays were reworked in shallow water
and eventually were covered by reef limestones. Overall sub-
mergence was interrupted three or more times by emergence—
during the middle Miocene, at the end of the Miocene, and at
least once during the Pleistocene. During periods of emergence,
the limestones were leached and recrystallized. The Miocene
limestone is irregularly dolomitized. This alteration may have
occurred at the time the lower part of the post-Miocene section
was deposited and extensively dolomitized. The altered lime-
stones were covered by 200 feet of younger reef limestones. The
last-recorded event was the growth of a now emergent reef,
eroded remnants of which are found on most of Midway’s
rim.

INTRODUCTION

Midway atoll and its neighbor Kure lie at the north-
west end of the Hawaiian chain, which stretches for
more than 1,600 miles across the central Pacific (fig. 1).
The entire chain can be conveniently divided into three
major subdivisions according to the type of island found
in each (Palmer, 1927, p. 5). The southeast segment
includes the large volcanic islands and their associated
small islets. The middle segment includes several shoals,
in addition to small islands, on which voleanic rock is
exposed. The northwest segment stretches over a greater
distance than the other two and includes a dozen or more
shoals and reefs; some of these reefs, like Midway and
Kure, have low-lying carbonate-sand islets, but no vol-
canic material is exposed.

This overall distribution of high-altitude volcanic
rocks and sea-level reefs impressed early observers, and
significant interpretations resulted. Charles Darwin
(1842), in his volume on coral reefs, referred to the
smaller islands and reefs that form the northwest seg-
ment (p. 158-159). Darwin had not visited the area and

could not find satisfactory descriptions of the small
islands and reefs of Kure, then called Ocean Island.
This atoll was described by Couthouy (1842), whose
paper was also published in 1842, but Darwin had seen
Couthouy’s writings in a pamphlet sent to him earlier
by Charles Lyell. Couthouy’s description of the atoll
led Darwin to color Kure blue on his reef map, thus
indicating subsidence; on the same map Darwin colored
the larger Hawaiian (Sandwich) Islandsred to indicate
emergence.

Dana (1843, p. 134-135) referred to the small rocky
and coral islets beyond the main islands of Hawaii.
He noted that they evidently belonged to one series,
adding, “I will not say that there is a connection between
the trend of these groups and the area of subsidence;
yet it looks much like it.” In the larger islands he noted
that igneous eruptions became more recent toward the
southeast. Dana expressed the opinion that subsidence
was no longer in progress and suggested that it may
have taken place in the latter part of the Tertiary and
succeeding ages. Later, in his main report as geologist
for the United States Exploring Expedition under
Charles Wilkes, Dana (1849, p. 280) stated that the
Hawaiian eruptions might date as far back as “the early
carboniferous or Silurian epoch,” but he never stated
what he considered evidence for this conclusion, as far
as we can determine. In this same report Dana noted
(p. 396-397) that the western islands were coral islands,
indicating participation in subsidence, and concluded
that the change of level was greatest at the west ex-
tremity of the Hawaiian chain. Dana also referred
(1849, p. 282-283) to a manuscript by Couthouy in
which that author recognized that the progress of vol-
cano extinction in the Hawaiian chain was from the
west to the southwest.

Geologists working later in the Hawaiian Islands
have found no reason to question the general theory of
progressive volcanism and subsidence from northwest
to southeast. They have recognized, as did Dana (1849,
p- 281), that the chain is not a single line of vents but
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Ficure 1.—The Hawaiian chain, showing the three major physiographic subdivisions (bounded by dashed lines). Modified
from Palmer (1927).

that there are transverse fissures along which eruptions
have occurred. The order of extinction has probably not
been a simple northwest-southeast series, nor has prog-
ress necessarily been uniform. Nevertheless, a general
trend is discernible—the atolls on the west reflect
greater subsidence than the reef-fringed high-altitude
volcanic islands on the east.

The preparation, in recent years, of detailed bathy-
metric charts in the Hawaiian area has revealed the
presence of many seamounts near the main trend of the
Hawaiian chain. These seamounts presumably repre-
sent separate volcanic vents. None of them reaches the
surface of the sea today, but the flat tops of many (sev-
eral are shown on pl. 1) suggest that at one time they
formed islands that were truncated by wave action.
None have been dredged or otherwise sampled. The re-
lation of Midway to these structures is discussed in the
section on geologic history.

If the sequence of events outlined above is correct,
geologic sections beneath the western reef islands might
contain a record of much of the history of the Hawaiian
Islands. To test this postulated history, Harry S. Ladd
proposed in 1960 that a deep hole be drilled on Midway ;
this atoll was selected over its neighbor Kure for logisti-
cal reasons.

A preliminary report on the drilling was published
in 1967 (Ladd and others, 1967). Much of the material
in the preliminary report is included in the present
paper.

REGIONAL RELATIONS

The Hawaiian chain compares favorably in size with
older and more complex mountain chains in other parts
of the world. Since the mid-19th century, when Couth-
ouy, Darwin, and Dana speculated about submergence
and the migration of volcanic action in the Hawalian
chain, much detailed geologic mapping has been done
in the area and many oceanographic and geophysical
surveys have been carried out. Literature on the area is
voluminous and will not be reviewed in detail here. The
latest overall summary is given in “Geology of the State
of Hawaii” (Stearns, 1966). This work is based largely
on land surveys by Stearns and several collaborators,
particularly Gordon A. Macdonald, and was published
originally in a series of bulletins by the Hawaii Divi-
sion of Hydrography. Excellent discussions of the sub-
marine geology of the area have been presented by Dietz
and Menard (1953), Emery (1955), Hamilton (1957),
and Moberly and McCoy (1968). Before doing seismic
work at Midway in connection with the drilling project,
George Shor investigated the crustal structure of the
Hawaiian Ridge near Gardner Pinnacles (Shor, 1960).
A recent volume on the marine geology of the Pacific
(Menard, 1964) includes a discussion of major tectonic
features and outlines the probable history of the entire
Pacific. Many papers dealing with geological, geochem-
ical, and geophysical studies of the Hawaiian Ridge
were brought together in a special issue of “Pacific Sei-
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TaBLE 1.—Summary of depths, casing depth, and core recovery for
two diamond drill holes

Footage

Total cored with Core Core
Hole depth Casing depth (ft) rubber-  recovery recovery
(ft) sleeve c 'te (ft) (percent)
barrel (ft)
Sand Island.... 568 122 (12%-in. OD 481. 5 346.8 72
casing).
Reef ... _...__. 1,654 190 (16-in. OD cas- 1,358.5 1,254.8 92

ing); 800 (12-in. OD
casing).

north under the lagoon; consequently, the site for the
second hole was a flat sandy area just inside the reef on
the north side of the lagoon, where the depth of water
at high tide is 8 feet. This site was cleared of minor
coral growth, and a course through the coral-studded
lagoonal terrace was mapped by divers and marked
with buoys.

The drill and all equipment, weighing 120 tons, were
loaded aboard a steel barge measuring 120 by 30 feet
(fig. 68). The barge, furnished by the U.S. Navy, was
then towed to the drill site by a Navy LCM (fig. 60).
After being jockeyed into position at the drill site, the
barge was pumped full of sea water so that it settled to
rest firmly on the sand bottom (fig. 62). The drill tower,
when raised, was guyed to nearby massive coral heads
and the steel piling of an abandoned loran station.

All drilling was done under the supervision of Wil-
liam Craddick of Layne International, Inc. Two crews
totaling seven men operated the drill continuously in
12-hour shifts. A geologist or geological assistant was
on duty at all times. In this work we were assisted by
Theodore K. Chamberlain, W. Storrs Cole, William
Ebersole, and Ted Murphy. Charles E. Ward of
Christensen Diamond Products Co. directed the taking
of the oriented cores of the basalt section.

OPERATIONS

Before attempting the expensive process of drilling,
seismic and magnetic surveys were carried out to deter-
mine the approximate thickness of the postulated cap
of reef rock. Two seismic surveys were made by George
Shor and associates of the Seripps Institution of Ocean-
ography. The first, along the south side of Sand Island,
was made in May 1963 (Shor, 1963, 1964) ; the second
survey, in the lagoon, was made in December of 1964
specifically to determine the thickness of coral beneath
the northern part of the lagoon (Shor and others, 1964)
where a magnetic low had been reported by the U.S.
Naval Oceanographic Office (U.S. Naval Oceanographic
Office, 1963, 1966). The geophysical surveys indicated
that a significant section of sediments was present
beneath the islands on the south and that the section
progressively thickened northward under the lagoon.

A7
DRILLING

Two holes were drilled during the summer of 1965
(fig. 4). The first hole, on Sand Island, entered basalt
at a depth of 516 feet, and drilling was continued to 568
feet. The rotary table, from which depths were meas-
ured, was 16.5 feet above datum (mean lower low
water). The second, the Reef hole, was drilled from a
barge resting on the north edge of the lagoon floor; the
rotary table was 10.5 feet above datum and 16 feet above
the lagoon floor. Reef hole entered basalt at a depth of
1,261 feet, and drilling was continued to 1,654 feet. In
each hole, about 400 feet of post-Miocene limestones was
penetrated, below which was a thin zone of upper
Miocene (Tertiary ¢g) sediments. In the Reef hole,
upper Miocene sediments were underlain by approxi-
mately 500 feet of lower Miocene limestones (Tertiary
e), and these were underlain by about 170 feet of re-
worked volcanic clays, some lignitic, also of early
Miocene age.

No serious difficulties were encountered in drilling the
Sand Island hole. Circulation was lost on occasion in
the unconsolidated layers at shallow depths but was
regained after setting casing to a depth of 122 feet.
Circulation was lost again at lower levels, and parts of
the hole were cored without circulation. Overall core
recovery was 72 percent.

Loss of circulation was also a minor problem in drill-
ing the deeper Reef hole, and two strings of casing were
set to control it (table 1). A survey of the Reef hole
showed a deviation from the vertical of 49 feet at a
depth of 1,480 feet; at total depth 1,654 feet, the devi-
ation was estimated at 62 feet. The chief difficulties with
the Reef hole involved servicing the rig and changing
crews for continuous operation at a site more than 4
miles by water from our base on Sand Island.

Cores and cuttings have been placed on permanent
deposit in Honolulu with the Hawaii Institute of
Geophysics, University of Hawaii.

TESTS BEFORE, DURING, AND AFTER DRILLING

Before and during drilling of the Sand Island
hole, George V. Keller of the Colorado School of Mines
made surface resistivity soundings on Sand and Eastern
Islands, Midway, on Green Island, Kure, and at four
depth intervals in the Sand Island hole itself. These
soundings were attempts to evaluate the possible use of
resistivity surveys in studying coral atolls.

Thomas H. Moses, Jr., U.S. Geological Survey, took
temperature readings in both drill holes to determine
the thermal gradient. This was successfully done in the
Sand Island hole where a water pipe had been installed
from the surface to the bottom of the hole to prevent
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closure. In the Reef hole, readings were not obtained
all the way to bottom, because the hole had bridged be-
low the casing that was set to a depth of 800 feet. The
lower part of the Reef hole had been left uncased to fa-
cilitate a seismic in-hole survey.

A fter completion of drilling, George Shor, assisted by
Alan C. Jones, who had participated in the earlier seis-
mic surveys of Midway, ran an additional refraction
profile in the lagoon near the drill site and made in-hole
measurements in both holes. In the Reef hole this survey
was not completely successful because, as previously
mentioned, the hole had bridged below the casing, and
hydrophones could not be lowered all the way to
bottom.

Full reports on all the above mentioned tests are be-
ing prepared for publication.

LITHOLOGY OF THE SEDIMENTARY SECTION

Limestones and partly lithified carbonate sediments
dominate the Midway cores. A summary description of
the major lithologic units in each hole is given in table
2, and a more detailed lithologic description is given in
table 3. In both holes the parts of the section immedi-
ately overlying the basalts contain an abundance of
volcanic detrital material ; grain sizes range from basalt
pebbles to clay (fig. 7). The basalt cores also record a
history of weathering and erosion before deposition of
the sedimentary section; details of the basalt section
are discussed by Macdonald (1969).

The Reef hole section down to a depth of about 489
feet consists primarily of reef or near-reef carbonate
sediments (or their lithified equivalents) that contain
abundant corals and coralline algae as fragments or in
growth position (fig. 8). Between 250 and 385 feet the
original sediments were dominately finer grained car-
bonate sands and muds; they are now partly lithified.
The conspicuous change at about 210 feet (fig. 7) marks
the transition from little-altered carbonate sediment to
hard limestone; this is probably a solution unconform-
ity (Schlanger, 1963, p. 994).

In the Reef hole, limestone containing Foraminifera
and algal fragments is common, especially below a

depth of 386 feet (fig. 9). Dolomite has uniformly re-.

AREA, HAWAIIAN ISLANDS

placed the algal-foraminiferal limestone between depths
of 426 and 489 feet (fig. 10). The original structures
of dolomitized algae and foraminifers are beautifully
preserved, and the dolomitization evidently took place
before extensive leaching and recrystallization had
occurred.

TABLE 2.—Major lithologic units of the Sand Island and Reef drill
holes

Depth

Lithology
(ft)

Sand Island tole!

Fill,

Post-Miocene limestone. Carbonate sedi-
ment and coral-algal limestone, uncon-
solidated, 36208 ft; lithified or partly lithi-
fied, with much compacted plastic lime
mud, 208-428 ft. Algal nodules abundant
below 390 ft; basalt pebbles and cobbles
present, 428-443 ft.

Upper Miocene limestone. Brown forami-
niferal limestone, recrystallized.

Tuffaceous marl.

Sandy basalt conglomerate.

Basalt.

Reef hole 2

Post-Miocene limestone and dolomite. Car-
bonate sediment and coral-algal limestone,
unconsolidated, 16-210 ft; lithified or
partly lithified below 210 ft. Algal-
foraminiferal limestone below about 386
ft; dolomite, 426-489 ft.

Upper Miocene limestone, gray mollusean
and tan foraminiferal, recrystallized,
vuggy; white porcelaneous dolomite partly
fills vugs.

Lower Miocene limestone and dolomitic
limestone. Detrital limestone and car-
bonate sand extensively leached, reerystal-
lized to a rubble-and-sand mixture that in
places appears almost like a cave breccia.
Recrystallization has been to brown sparry
calcite. Dolomite occurs as aphanitic void
fillings and as clear or varicolored rhombs
in vugs and interstices.

Lower Miocene marl. Carbonaceous and
caleareous shale, lignitic clay, tuffaceous
limestone, and voleanic clay.

Variegated volcanic clay and conglomerate.

Basalt.

489-563_ _ . __.._

563-934__________

934-1,121________

1,121-1,261______
1,261-1,654_ _____

1 Elev 16.5 ft above mean lower low water.
2 Elev 10.5 ft above mean lower low water.

F1aure 7.—Logs of drill holes showing lithology, core recovery, and carbonate mineral com-
position. X-ray diffraction analysis was used to identify and estimate the abundance
of carbonate minerals using 6-10 analyses of finely ground samples. The calcite con-
tained less than 3 mol percent MgCO;: Magnesium-calcite contained 10-17 mol percent
MgCO:, averaging 13 mol percent, as estimated using the data of Goldsmith, Graf, and
Joensuu (1955). The dolomites were shown to be calcium rich (about 45 mol percent
MgCOs) using the data of Goldsmith and Graf (1958). No detailed data on dolomite

structure or composition are available.



DEPTH
METERS FEET
0— o
100 4
T s00
200 —
300
(-1000
400
1500
500 —|

DEEP DRILLING ON MIDWAY ATOLL

SAND ISLAND

s

&
/05\ ) /w\‘:sx‘?
™ oy

07/ LY L&
O
S/

EXPLANATION
M Calcite L SAMPLES

M calcite D

Core

7 PRSI 3 — l

1
T 1Tl

H
[TT1

= 2500 Cuttings
F— PERCENT

T

X-ray diffra:ﬁon analysis
LITHOLOGIES

[ TTL I

il
4=T-s
Ay

Sediment, unlithified

[l

Sediment, partly lithified

[T T ITIT

Calcite

il

Limestone, leached
] and recrystallized

— 1] Lh
— Calcite E

Ctay or silt, calcareous

]
50 100 Clay or silt, noncalcareous
PERCENT

Basalt

CARBONATE MINERALS

Mg-calcite

[ ]

Aragonite or calcite

Dolomite

TD 1654 TD 1654
Total depth, in feet

A9



Al0

GEOLOGY OF THE MIDWAY AREA, HAWAIIAN ISLANDS

TABLE 3.—Description of cores and cuttings from the Sand Island and Reef drill holes

Depth (ft)

Lithology

Paleontology

Reef hole

210-296_ ___.___

296-386_ . ______

386-426________

426-489________

633-711________

711751 ______

751-845________

845-885__ ______

885-934._______

934-995________

995-1,121_______

Carbonate sediment, unlithified, and coral-algal limestone (119 ft,
fig. 8); massive coral at 90, 134, 149, and 160 ft; algae binding
coral and other fragments, 130-140 ft; compacted fine white
sand (190 ft) and soft lime mud (200 ft). Possible soil zone
(brown mud and stained coral fragments), 77 ft. Minor lithifica-
tion at 150 ft. Possible solution unconformities at 92 and 150 ft.
Probable solution unconformity at 210 ft.

Fragmental limestone, consisting of algal, foraminiferal, and some
coral fragments; partly leached and recrystallized, grading with
increasing depth into partly lithified calcareous sand (256-296
ft). Some casts and molds in the limestone; some small cavities
lined with calcite crystals.

Partly lithified calecareous mud and sand. Detrital limestone below
296 ft. shows abundant solution features, and becomes more
chalky and aphanitie, 314-370 ft. Soft lime mud and partly
lithified foraminiferal sand, 370-386 ft.

Limestone, algal-foraminiferal. Friable at top; becomes harder
with increasing depth, especially 400-426 ft. Abundant nodules
and fragments of algae (fig. 9), foraminifers, corals, and mol-
lusks. Extensive lithification below 400 ft.

Dolomite, algal-foraminiferal. Rock contains abundant nodules of
algae and leached and recrystallized mollusks, as in unit above,
but is uniformly dolomitized without loss of original structure
(fig. 10). Fairly distinet contacts between dolomite and lime-
stones at 426 and 489 ft. Loose algal nodules abundant, 467-474
ft. Unconformity at 489 ft.

Limestone, dolomitic, gray, abundant mollusk fragments, leached
and recrystallized. Brown or clear sparry calcite fills molds.
White porcelaneous dolomite oceurs as patches, 489-505 ft.
Partly lithified, tan foraminiferal sand contains hard angular
nodules.

Carbonaceous clay, plastic, dark-gray, 1-2-in. thick (possible
unconformity).

Limestone, rubbly, nodular, dolomitie, extensively leached and
recrystallized. Brown sparry calcite locally constitutes more
than 50 percent of sample volume; dolomitic limestone breccia
at 588 ft (fig. 11). Dolomite occurs in aphanitic white void
fillings, and below 600 ft as disseminated minute rhombs (less
than 0.5 mm across).

Limestone, hard, vuggy, algal-coral (fig. 12). Less extensively
leached and replaced than overlying limestone; abundant brown
’s7pzir¥y calcite; coral-algal fragments especially abundant, 650

11 ft.

Sand, dolomitic, partly lithified. Abundant coral-algal fragments.
Disseminated minute dolomite rhombs (less than 0.5 mm across),
720-745 ft.

Limestone, cavernous, with abundant coral fragments. Friable to
loose sand and rubble, 760-769 ft. Dolomite crystals line cavities,
826-830 ft. No recovery, 811-826 ft.

Sand, calcareous, partly lithified, changing to plastic lime mud
with increasing depth.

Dolomitic limestone containing orange dolomite rhombs. Abundant
fragments of algae, coral, Foraminifera, mollusks. Reddish-
brown clay layer containing limestone pebbles, 914 ft (fig. 13).
Partly lithified argillaceous dolomite sand, 925-930 ft.

Shale and marly limestone, gray to black carbonaceous calcareous
shale and dark- to light-gray tuffaceous limestone, leached and
recrystallized. Reef limestone section (955-973 ft) contains
abundant coral fragments, algae, and mollusk molds. Mottled
gray calcareous and dark lignitic clay with abundant mollusk
shells (fig. 14). Extensive lithification, slight dolomitization.

Voleanic clay, light- to dark-gray or olive-green, calcareous, con-
taining layers of limestone at 1,043, 1,046, 1,049, and 1,116 ft. Gray
tuffaceous limestone, partly leached (fig. 16).

Abundant small shallow-water marine gas-
tropods, including Alcyna, Gibbula, Turbo,
Synaptocochlea, Leptothyra, Tricolia, ris-
soids, vermetids, Bittium, Triphora, and
Williamia; pelecypods include arcids and
fChama. Endodontid land snails at 116-130
t.

Molds of large Cardium, 379-381 ft.

Abundant molds of large Pectens, 461-489 ft.

Valvulammina marshallana, Asterigerina ten-
torria, and Cribrogoesella parvula, 495—
500 ft.

Miogypsinoides dehaartii, 590-600 ft.

Vicarya, 650 ft.

Al] coral molds, 801 ft.

Austrotrillina striata, 901 ft. Miogypsinoides
dehaartii, 901-906 ft; 926-927 ft.

Fragments of Pecten and molds of gastropods,
946-951 ft. Miogypsinoides dehaartii, 946—
956 ft. Spiroclypeus margaritatus, 960-966
ft. Awustrotrillina striata, Spondylus, and
cerithids, 971 ft. Abundant brackish-water
oysters, 978-979 ft. Molds of corals and
mollusks (arcids, venerids, and cerithids),
993-994 ft (fig. 15).

Spiroclypeus margaritatus, 1,029-1,121 ft.
Amphistegina abundant, 1,045 ft. 1,043-
1,046 ft. (fig. 17). Astrotrilling, 1,117 ft.
Molds of cerithids and venerids, 1,054—
1,099 ft.
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ocean surface is not known, but the flows that capped
the old volcano were weathered and were at least partly
truncated by wave action by earliest Miocene time.

During earliest Miocene time (Tertiary ¢) the north-
ern part of the eroded mound was covered by marine
waters, probably less than 100 fathoms in depth. Smaller
Foraminifera lived on a bottom covered by volcanic
mud. Swamps, now reflected in lignitic layers contain-
ing spores and pollen of land plants, alternated with a
shallow-marine environment until—following subsid-
ence—a total thickness of 140 feet of sediments, mostly
noncalcareous clays, had accumulated.

Subsidence continued; the waters cleared, and reef
corals and calcareous algae became established, possibly
moving in, from more northerly sites to windward. A
total thickness of 560 feet of reef limestone accumulated,
probably under lagoonal conditions.

At or near the end of Tertiary e time, the reef
emerged, and the entire limestone section and some vol-
canic hills stood above sea level during Tertiary f time.
The limestones were thoroughly leached and recrystal-
lized during this episode. During resubmergence in late
Miocene time (Tertiary ¢g) 75 feet or more of shallow-
water lagoonal limestone was deposited. The island was
again emergent after deposition of the upper Miocene
limestone, which likewise became thoroughly leached
and recrystallized.

A further resubmergence apparently continued into
Pleistocene time, and about 250 feet of post-Miocene
beds accumulated. During or shortly after deposition,
the lower 63 feet of this unit was extensively dolomi-
tized, and the irregular dolomitization of the Miocene
limestone may have taken place at this time, possibly
because of restricted water circulation that permitted
local formation of dolomitizing solutions (Newell and
others, 1953; Adams and Rhodes, 1960; Deffeyes and
others, 1964; Schlanger, 1965). Deposition of the post-
Miocene limestone was interrupted by another emer-
gence of the atoll, probably due to eustatic lowering of
the sea caused by Pleistocene glaciation. Possibly the
200-foot-depth solution unconformity on Midway is re-
lated to the 200-foot submerged bank northeast of Mid-
way and to the extensive submarine platform lying 180
feet below sea level off the island of Molokal and else-
where in Hawaii. This level, known as the Penguin
Bank (Stearns, 1946), is one of four prominent terraces
around the Hawaiian Islands. During this period of
emergence the newly formed limestones were leached
and recrystallized.

A fter subsidence the altered limestones were covered
by about 200 feet of reef and lagoonal sediments. Al-
though these uppermost beds contain two possible solu-
tion unconformities, they have not been emergent for
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long periods and bear little evidence of leaching and no
evidence of extensive recrystallization.

The last recorded event was the growth of a now
emergent reef, remnants of which are found on most of
Midway’s rim (fig. 60). This reef apparently flourished
when sea level was relatively several feet higher than
it is now. The oldest of several carbon-14 determina-
tions made on the exposed reef rock by Meyer Rubin of
the U.S. Geological Survey gave an age of 2,400 years
before present; the youngest, about 1,280 years before
present. The old reef is now eroded, and no part now
rises more than 3 feet above low-tide level.

A similar but less prominent emergent reef is pres-
ent on Kure Atoll (Gross and others, 1969) and has
been reported from Pearl and Hermes Reef by Galtsoff
(1933). These emergent reefs may represent a negative
shift in sea level of 5-6 feet, evidence for which has been
described from many parts of the Pacific (Wentworth
and Palmer, 1925; Stearns, 1941, 1961), or they may
represent a very recent emergence of these islands.
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